The digital questionnaire is available at <https://nl.surveymonkey.com/s/surveyenucleation>. Data from participants are made anonymized and can be found in the supplementary table.

Introduction {#sec005}
============

Retinoblastoma is a malignant intra-ocular tumor arising from the developing retina in children, mostly between the ages of 0 to 5. Treatment is primarily focused on saving the child's life. Different treatment modalities have been developed and some offer the possibility of eye salvage \[[@pone.0121292.ref001]\]. Yet, enucleation, the complete removal of the eyeball, remains an important treatment modality. It is a safe method regarding survival and feasible in every hospital setting throughout the world.

Enucleation may be the oldest surgical procedure in ophthalmology \[[@pone.0121292.ref002]\]. Although the basics are still the same, adjustments have been made to reduce postoperative complications and improve cosmetic results.

In enucleation surgery where the socket was left empty, many patients encountered the post enucleation socket syndrome (PESS): enophthalmos, superior sulcus depression, upper- and lower lid ptosis \[[@pone.0121292.ref003], [@pone.0121292.ref004]\], and experienced little to no movement of the prosthetic eye \[[@pone.0121292.ref005]\]. In 1884 implants were introduced by Mules \[[@pone.0121292.ref006]\] for replacement of lost orbital volume, and since then changing implant shapes and materials have been used. An orbital implant can be categorized as autologous or alloplastic, integrated, semi integrated or not integrated \[[@pone.0121292.ref007]\]. The shape of orbital implants are usually spherical, but they can also be mounded or egg-shaped \[[@pone.0121292.ref007]\]. Sizes may range from 12 to 24 mm in diameter. An orbital implant may be wrapped for protection of the overlaying conjunctiva and for attachment of the rectus muscles. Wrapping materials are either organic (autologous and heterologous) or alloplastic. The rectus (and sometimes oblique) muscles may be attached to the wrapping at different positions, directly to the implant, to the fornices (myoconjunctival technique) \[[@pone.0121292.ref008]\], or not reattached at all. The implant can be inserted directly after enucleation (primary implant), or at a later stage (secondary implant). Nevertheless, surgery techniques and materials used for enucleation in retinoblastoma vary among surgeons and clinics. Major post-operative complications consist of socket infection, implant exposure or extrusion and socket contraction, all with a high chance of inevitable secondary surgeries. Redo surgeries in these complicated sockets are however more prone to result in a less favorable cosmetic outcome. Other complications or negative outcomes are the occurrence of the post enucleation socket syndrome, cyst formation, pyogenic granuloma, fat-graft proliferation, a smelly socket or minor prosthetic motility. Enucleation surgery in retinoblastoma patients have an increased complication risk due to adjuvant radio- or chemotherapy in a subset of patients \[[@pone.0121292.ref009]\]. Furthermore, enucleation at young age may lead to potential volume deficiency problems later in life \[[@pone.0121292.ref010]--[@pone.0121292.ref014]\]. Hence, it is important to primarily select implant materials and surgery techniques that are associated with a low chance of complications and best cosmetic outcome. Available reports suggest a difference in post-operative complications depending on the implant type and wrapping material \[[@pone.0121292.ref007]\]. Yet, as far as we know, no randomized controlled trials comparing different implant types and wrapping materials are available. In fact it is not known which techniques and materials are used in current practices worldwide. Awareness of available materials and specific techniques for enucleation among surgeons of different countries may result in reconsideration of local practice and cooperation to achieve worldwide consensus about the best techniques and materials.

The aim of this study is to create awareness by matters of an inventory of the currently used implant materials and surgical techniques for enucleation in retinoblastoma patients and the surgeon's rationale for these choices.

Methods {#sec006}
=======

We designed a digital survey, mainly with multiple choice questions. Question logics were applied to filter the target group and to prevent irrelevant questions. Recipients were chosen from the author's professional network; participants of retinoblastoma conferences (conference abstract books); corresponding authors of relevant articles and internet searches for ophthalmology, oncology and retinoblastoma websites. The survey was distributed through the online questionnaire tool 'Surveymonkey'. Only recipients who treat retinoblastoma patients were invited to fill out the survey. All non-responders received a reminder after 1.5 months. The study was approved by the Medical Ethical Committee of the VU University Medical Center.

Results {#sec007}
=======

The survey was initially sent to 220 recipients. Thirty invitations were bounced because of an invalid email address, 2 were rejected. Thirty-one ophthalmologists were suggested to us by other recipients. In total 68 ophthalmologists from 37 different countries responded. Five did not meet the inclusion criteria (either no treating physician of retinoblastoma or a treating physician but not performing enucleations) and five others did not complete the survey. A total of 58 surgeons of 32 different countries returned a completed survey, of whom 33 surgeons were practicing in developed countries and 25 surgeons in undeveloped or developing countries (according to the UN list and CIA (2008). \"Appendix B. International Organizations and Groups.\" World Fact book. Retrieved 2008--04--10). See [Fig. 1](#pone.0121292.g001){ref-type="fig"}.
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The responding surgeons diagnosed between 1 to 120 new retinoblastoma patients in the past 12 months. The mean percentage of patients who were treated by enucleation was 47.0% with a median of 47.5% (range 0--100). For developed countries the mean enucleation percentage was somewhat lower (40.9%) in comparison to the undeveloped countries (55.0%). The mean number of enucleations performed by the responding surgeon in the last 12 months was 10.2 (range 0--60 SD 11.5). Scissors were used for optic nerve dissection in 87.9% of the surgeons (n = 51), six use an enucleation snare, one uses both.

A primary artificial implant is inserted in all cases by 42 surgeons (72.4%); one inserts a primary dermis fat graft. Three surgeons (5.2%) decide whether to insert a primary implant per individual case, depending on the extra-ocular extension of the tumor. Two surgeons insert a standard secondary implant (one uses dermis fat graft, the other an artificial implant). Ten surgeons leave the socket empty.

Most surgeons who insert an artificial implant (36 of 46) use the largest implant that fits into the socket. The remaining surgeons use standard implant sizes, while some relate the size to the age of the patient (16--18--20 or 22 mm).

Porous implants are inserted by 58.7% (27 of 46) of the surgeons using artificial implants, non-porous by 32.6% (15 of 46). Both porous and non-porous implants are used by 4 surgeons. A Chi-square test for independence indicated a significant association between development of the country and choice of implant insertion X^2^ (1, *n* = 52) = 16.2, df 2, p\< 0.001. Porous implants are more frequently used in developed countries. Non-porous or no implant insertion occurred more often in undeveloped countries.

Porous used implants are Polyethylene (Medpor, Porex Surgical, Newnan, Georgia, USA) (n = 11), Hydroxyapatite (Bio-eye Orbital Implants, Inc., San Diego, CA) (n = 8), Synthetic Hydroxyapatite (FCI3, Issy-Les-Mouline- aux, Cedex, France) (n = 4), Medpor SST (n = 5), Bioceramic implant (AL2O3) (n = 3), Medpor Quad Motility (n = 1) and Medpor SST Multi Purpose Conical (SST MCOI) (n = 2), Medpor Conical (COI)(n = 1).

Medpor is inserted as a bare implant by 7 out of 11 surgeons using this particular implant. Muscles are attached directly to the implant (n = 3) or to each other over the implant (n = 4). Medpor is wrapped in sclera by two other surgeons who attach the muscles to the wrapping.

Hydroxyapatite with prefab wrapping is used by five surgeons (4 polyglactin 910 mesh (Vicryl mesh; Ethicon Inc., Somerville, NJ), 1 polytetrafluoroethylene (Gore-Tex; W.L. Gore & Associates, Flagstaff, AZ), muscles are sutured to the wrapping or to the implant (at predrilled holes). One surgeon inserts bare hydroxyapatite implants and sutures the muscles to each other. Two surgeons wrap the Hydroxyapatite implant in donor sclera at which the muscles are attached. The synthetic variant (FCI3) is used by four surgeons, three with Vicryl prefab wrapping and one with donor sclera.

Three use the Bioceramic implant with prefab Vicryl wrap (n = 2) or donor sclera (n = 1).

The Medpor SST implant is used by four surgeons as a bare implant with direct muscle attachment to the implant. One wraps the Medpor SST in donor sclera and attaches the muscles to the sclera. 'Medpor SST multipurpose' is used by 2 surgeons (both not wrapped). The bare Medpor Quad Motility (MQM) is used by one surgeon; one wraps the Medpor conical in autologous dermis fat.

The non-porous acrylic implants are used by 11 surgeons. Eight use a bare acrylic ball, and three surgeons wrap the acrylic implants in donor sclera. One surgeon indicated to have abandoned the wrap since he changed his procedure to the myoconjunctival technique where the scleral wrap was no longer required.

Seven surgeons insert silicone implants. One wraps the silicone implant in autologous dermis fat because of the possible growth and expansion, the others use bare silicone implants.

Three surgeons insert glass balls, two as a bare implant; one wraps the glass in Gore-Tex.

Reasons for the choice of specific implant types (max. 2 reasons per surgeon) are 'outcome' (n = 27), this reason is most often indicated by surgeons using Medpor SST; 'availability' (n = 18) most for acrylic implants; 'costs' (n = 16) also most acrylic implants; 'experience' (n = 14); 'ease of use' (n = 11 of which 10 mentioned by Medpor (normal, SST and MCOI) users and 'protocol' (n = 1).

Bare implants are inserted by 25 surgeons (54.3%). Wrappings are used by 21 surgeons (of which 8 addressed to prefab wrappings, 10 to scleral wraps, 1 separate Vicryl mesh, 1 separate Gore-Tex and 1 dermis fat graft wrap). Reasons for the wrappings are 'the implant was already wrapped in this material' (n = 6), 'ease of use' (n = 3, all prefab), 'outcome' (n = 4), 'experience' (n = 2), and 'costs' (n = 4). The latter referred to donor scleral wrapping.

During implant insertion the muscles are attached to the wrapping (n = 13); attached directly to the implant (n = 12); attached to the fornices with the myoconjunctival technique (n = 7); sutured to each other (n = 6), either implant or wrapping depending on implant type (n = 4) or not reattached (n = 4). The location of attachment to the wrapping and/ or implant is paracentral (n = 17) or corners to each other (n = 6) and central over each other (n = 1). One surgeon sutures the muscles to the wrapping with the corners attached to each other, but places the superior rectus muscle more posteriorly to avoid ptosis. Another surgeon uses the same technique but attaches the 3 other muscles at the original muscle insertion.

All different combinations of implants, wrappings and muscle attachment are shown in [Table 1](#pone.0121292.t001){ref-type="table"}.
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###### Combinations of implants, wrappings and muscle attachment.

![](pone.0121292.t001){#pone.0121292.t001g}

  Implant type     Implant            Wrapping                Muscle attachment   N.   Countries
  ---------------- ------------------ ----------------------- ------------------- ---- -------------
  **Non-porous**   Glass              Gore-tex                H                   1    undeveloped
                                      No wrapping             E                   1    undeveloped
                                                              E                   1    developed
                   Acrylic            Donor sclera            A                   2    developed
                                                              C                   1    undeveloped
                                      No wrapping             A                   1    undeveloped
                                                              B                   1    undeveloped
                                                              E                   1    developed
                                                              E                   3    undeveloped
                                                              F                   1    undeveloped
                                                              H                   1    undeveloped
                   Silicone           Autologous dermis fat   C                   1    developed
                                      No wrapping             G                   1    undeveloped
                                                              E                   2    undeveloped
                                                              F                   1    undeveloped
                                                              F                   2    developed
  **Porous**       HA                 Donor sclera            B                   1    undeveloped
                                                              D                   1    developed
                                      Gore-tex                C                   1    developed
                                      Vicryl                  C                   4    developed
                                      No wrapping             B                   1    undeveloped
                   FCI3               Donor sclera            A                   1    developed
                                      Vicryl                  G                   1    undeveloped
                                                              A                   1    developed
                                                              C                   1    developed
                   Bioceramic         Donor sclera            C                   1    developed
                                      Vicryl                  C                   2    developed
                   Medpor             Donor sclera            C                   1    developed
                                                              C                   1    undeveloped
                                      Vicryl                  C                   1    developed
                                                              D                   1    undeveloped
                                      No wrapping             A                   2    developed
                                                              B                   2    undeveloped
                                                              B                   2    developed
                                                              C                   1    undeveloped
                   Medpor SST         Donor sclera            C                   1    developed
                                      No wrapping             A                   1    developed
                                                              C                   3    developed
                   MQM                No wrapping             B                   1    developed
                   MCOI               Autologous dermis fat   D                   1    undeveloped
                   SST MCOI           No wrapping             B                   1    developed
                                                              C                   1    developed
  **Other**        No implant         No wrapping             B                   2    developed
                                                              B                   2    undeveloped
                                                              E                   3    undeveloped
                                                              F                   3    undeveloped
                   Dermis fat graft   No wrapping             C                   1    developed
                                                              E                   1    undeveloped

***N** = number of surgeons using this method and material. (Total number is \>58 because some surgeons use more than one material/ method). **Muscle attachment***: **A** Corners attached to each other; **B** Muscles overlapping/ sutured over each other; **C** Paracentral; **D** Original muscle insertion; **E** Myoconjunctival technique; **F** Loose; **G** like A (corners attached to each other), but rectus superior more posteriorly; **H** like D (original muscle insertion), but rectus superior more posteriorly (for images of different muscle locations, see [S1 Fig](#pone.0121292.s001){ref-type="supplementary-material"}). ***Implants***: **Medpor SST** = Medpor smooth surface tunnel; **MCOI** = Medpor conical; **MQM** = Medpor quad motility; **SST MCOI** = smooth surface tunnel medpor multipurpose conical; **HA** = Hydroxyapatite (Bio-eye); **FCI3** = Synthetic Hydroxyapatite.

The reason for a standard dermis fat graft was 'outcome' for both surgeons using the autologous implants. One also mentions 'the costs' and the other reports 'good experience' with dermis fat grafts. Muscles are attached to the dermis fat graft (n = 1) or attached to the fornices (n = 1), also referred to as myoconjunctival technique.

Ten surgeons never insert an implant of whom eight practice in under developed countries. Main reason (n = 8) is 'no implant insertion for follow up regarding tumor recurrence', other reasons are: 'costs' (n = 1), 'lack of availability' (n = 1), 'lack of difference in cosmetic outcome' (n = 1), 'lacking experience' (n = 1), 'no formally approved implant in this country' (n = 1) and 'radiotherapy after surgery' (n = 1). The rectus muscles are not reattached (n = 3), sutured to the fornixes (n = 3) or sutured to each other as a knot (n = 4).

Additional measures for orbital growth stimulation are taken by 9 surgeons. Four replace the implant at older age, one often inserts dermis fat grafts, one did not specify and one mentions the repetitive refitting of the ocular prosthesis. Injectables 'Restylane SQ' and osmotic tissue expanders are used by two different surgeons, both in combination with orbital implants (Medpor SST and Medpor).

Two surgeons peg the orbital implant (one pegs a solid silicone implant, one a porous Medpor SST).

Discussion {#sec008}
==========

Our results demonstrate a wide difference in the used implant types and enucleation techniques in retinoblastoma patients. Every surgeon has his reasons for particular materials and techniques: costs, availability, experience, recurrence risk, cosmetic outcome. It seems that in most hospitals a certain protocol is followed based on agreement of surgeons working in the same hospital. However, different techniques are sometimes seen between surgeons within the same hospital. Only one surgeon mentioned 'a protocol' as reason for the specific implant choice. It is obvious that an international protocol does not exist, let alone consensus on a golden standard.

Most surgeons who do not insert an implant practice in undeveloped countries (8 of 10). This might be explained by their socio-economic status. In the past we did not insert orbital implants in patients enucleated for the treatment of a tumor, because the implant would interfere with palpation of the socket and clinical detection of recurrence. Today with MRI techniques (which enables detection of tumor recurrence with an orbital implant in situ) and better understanding of histopathological risk factors for tumor recurrence, implant insertion does not need to be avoided anymore \[[@pone.0121292.ref015]\]. Implant insertion does however bring more costs: first the implant itself and second the possible need for MRI.

'Follow up' was mentioned as reason to leave the socket empty by seven out of eight surgeons of the undeveloped countries, but also by one surgeon in the developed countries. One surgeon does not insert an implant when radiotherapy is required. Although radiotherapy increases socket complication rates such as socket contraction and orbital implant insertion is known to prevent socket contraction \[[@pone.0121292.ref009], [@pone.0121292.ref016]\]. We experienced this positive effect of an orbital implant with respect to socket complications in our subpopulation of radiated retinoblastoma cases.

Surgeons from developed countries most often use porous implants. The porous implants continue to be altered with (theoretical) improvements, but subsequently higher costs. Therefore, innovation and experimenting with new implants is more feasible for the developed countries.

No randomized controlled trials and very few controlled studies \[[@pone.0121292.ref017]--[@pone.0121292.ref019]\] have been done in this population to compare non-porous implants with the newer porous implants \[[@pone.0121292.ref020]\]. So far, no proven superiority for the new generation implants is demonstrated \[[@pone.0121292.ref021]--[@pone.0121292.ref023]\]. The motility of artificial eyes in patients with unpegged porous implants have been proven similar to that in patients with non porous implants \[[@pone.0121292.ref018], [@pone.0121292.ref019]\].

Pegging is rarely performed by our respondents. This is conform results of general enucleation/evisceration surveys \[[@pone.0121292.ref017], [@pone.0121292.ref024]\]. The previously suggested advantage of pegging (improved motility) was outbalanced by the experienced disadvantages \[[@pone.0121292.ref025]\] (high complication rates, especially infections and exposure).

Outcome as reason to use a specific implant was most frequently mentioned in relation to Medpor SST. Results of Medpor SST after enucleation for retinoblastoma is as far as we know only published by Choi et al. \[[@pone.0121292.ref026]\] They do indeed report a good outcome with the Medpor SST with no cases of implant exposure, extrusion or infection in a population of 44 children treated for unilateral retinoblastoma, with 34.1% additionally treated with chemotherapy and none with radiotherapy \[[@pone.0121292.ref026]\].

Availability and costs were the main arguments for choice of implant by solid implant users. The argument of availability was given by 9 of 20 (45.0%) surgeons of developed countries inserting implants and 9 of 26 (34.6%) of undeveloped countries. Some surgeons using the more sophisticated implants also mentioned 'availability'. Costs were mentioned by 12 of 26 (46.2%) undeveloped countries and 4 of 20 (20%) developed countries.

Regarding the ease of use of the different implants the Medpor implants (including subtypes) seem to be most convenient. As for the Medpor SST this can be subscribed to the features of the predrilled tunnels for the muscles and the smooth anterior surface enabling insertion without wrapping. The reason for the frequently argued easy use of the normal Medpor (without the tunnels and with need for wrapping) is not clear to us.

Remarkable was the response of one practice from a developed country who inserts bare silicone implants without attachment of the muscles reasoning the experience and outcome. The use of bare silicone implant is reported by Wells et al. \[[@pone.0121292.ref027]\] with good results in 73 of 75 cases (no migration, exposure or extrusion). Yet muscles were attached directly to the silicone implant. As far as we know, no literature is available on the technique using silicone implant without reattachment of the muscles.

The myoconjunctival technique is performed by a substantial number of surgeons from both developed and undeveloped countries, with different solid implants and when no implant is inserted. This technique is based on the theory that prosthesis motility is not only a result of the implant motility but also provided by contraction of the fornices. Shome et al. \[[@pone.0121292.ref028]\] compared in a randomized controlled trial with \>1 year follow up the traditional muscle imbrication technique using polymethyl methacrylate (PMMA) (n = 50) or porous polyethylene (n = 50) and myoconjunctival technique (n = 50) using PMMA implants. Results of this study demonstrated statistically and clinically significant better implant and prosthesis movement with the PMMA myoconjunctival technique \[[@pone.0121292.ref028]\]. Yadava et al. \[[@pone.0121292.ref008]\] confirmed in a randomized controlled trial with 30 patients the superiority of the myoconjunctival technique. The location of muscle attachment plays a role in occurrence of complications. Although different locations of muscle attachment to implant (in predrilled holes or tunnels) or to the wrapping are mentioned, studies on this subject are scarce. When muscles are imbricated the implant may migrate \[[@pone.0121292.ref029]\]. Custer et al. \[[@pone.0121292.ref030]\] reported fewer exposures when suturing the muscles anterior to their standard location. The relation between position of superior muscle attachment to the implant and postoperative ptosis is not reported in the literature. The two surgeons who reported suturing the rectus superior more posteriorly may speak from their own experience, but this is an interesting concept, since the levator complex is potentially less affected with the adapted position. Yet, ptosis following enucleation is regarded as part of the post enucleation socket syndrome, when no sufficient volume is substituted \[[@pone.0121292.ref031]\]. The orbital contents rotatory displace from superior to posterior and from posterior to inferior. This redistribution of orbital fat appears to result from internal retraction of the superior muscle complex \[[@pone.0121292.ref004]\]. Kaltreider et al. \[[@pone.0121292.ref032]\] retrospectively studied 138 anophthalmic patients (94 with ptosis, 44 without ptosis) and reported in accordance with Vistnes \[[@pone.0121292.ref031]\] a direct relation between the substituted orbital volume and the occurrence of ptosis, the more volume replacement, the smaller the odds of ptosis \[[@pone.0121292.ref032]\]. Kaltreider et al. \[[@pone.0121292.ref032]\] postulated no relation was found between muscle imbrication and occurrence of ptosis, however the number of patients with imbrication counted only 6 in the ptosis group and 2 in the control group. Kim et al. \[[@pone.0121292.ref033]\] describe a measured decrease of levator function in anophthalmic sockets, not because of actual loss of function but because of its change in contour and decrease of length resulting in lower resting tension.

The purpose of this survey was to create awareness about the current state of the art of enucleation for retinoblastoma worldwide. The methods used by surgeons across the world are even more diverse than we expected, and we have learned interesting opinions from experienced surgeons. Yet, a comparison between techniques cannot be made because of this large diversity in techniques in a small number of patients, and a lack of prospective studies. Therefore we propose international collaboration to enable prospective studies for the comparison of selected types of enucleation techniques and implant materials.
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